
I 

@3 (c6895 B E L L C O M M .  I N C .  
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 

I 

SUBJECT: Ideas for Improvement of LM Descent DATE: June 30 1 9 6 9  
Trajectory - Case 310 

FROM: G. L. Bush 
T. B. Hoekstra 
F. LaPiana 

ABSTRACT 

A LM descent trajectory has been developed which 
offers several advantages when compared with the current LM 
descent operational trajectory (O.T.). The proposed trajectory 
was designed to save AV during automatic descents in an 
effort to give the crew added maneuver time in the event 
that they assume manual control of the LM. The proposed 
trajectory provides a AV saving of about 204 fps and also 
reduces the tendency toward non-constant or "drooping" 
glide slopes. 
time, landing site redesignation capability, dispersions, 
vertical rates, and pitch and thrust profiles are examined 
and found to be satisfactory. 

Other trajectory parameters such as visibility 

The proposed changes provide advantages for both 
G-type and subsequent missions. On H-type missions, wh,ere 
pinpoint landings will become necessary, the additional AV 
would be especially useful for landing site redesignations 
and manual maneuvering. 

The a?pendix contains reproductions of Vu-Graphs 
and comments that served as the basis of a presentation of 
these proposals to MSC personnel responsible for LM descent 
trajectory design. 
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MEMORANDUM FOR FILE 

INTRODUCTION 

Two proposals are suggested to save automatic 
descent AV cost. The philosophical guideline is to provide 
a fuel efficient automatic trajectory, thereby providing 
additional fuel for pilot use of the landing point desig- 
nator (LPD) and rate-of -descent (R-O-D) or completely 
manual descents near touchdown. 

The appendix contains reproductions of Vu-Graphs 
and comments that served as the basis of a presentation of 
these proposals to MSC personnel in the Guidance and 
Control Division and the Mission Planning and Analysis 
Division responsible for LM descent trajectory design. 
Detailed analysis and design rationale are included. 

PROPOSALS 

The first suggestion is to reduce flying time in 
the visibility phase. 
phase terminal altitude. 
rable; either change alone saves AV, while implementing 
both provides a large AV saving. 

The second is to lower the visibility 
The suggested changes are sepa- 

Reducing the visibility phase time by 20 seconds 
from that obtained using operational trajectory targets 
(MSC Internal Note 69-FM-98) saves about 116 feet per 
second of AV. Lowering the terminal altitude for the visi- 
bility phase from 150 feet to 100 feet saves about 88 feet 
per second. 

These proposals are simple in concept, and they do not 
require changing the braking phase in any way: 
position and velocity are not altered. In the following 
paragraphs, the results of changing the visibility phase 
targets will be analyzed, anci comparisons will be made of 
the proposed trajectory and the current operational 
trajectory (O.T.). 

high-gate 
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ANALYSIS AND COMPARISON 

Changing t h e  v i s i b i l i t y  phase t a r g e t  jdz f r o m  
.0018 f t / s e c 3  t o  .0275 f t / s e c 3  changes t h e  v i s i b i l i t y  phase 
f l y i n g  t i m e  from 1 6 1  t o  1 4 0  seconds. Table I compares t h e  
v i s i b i l i t y  phases of  t h e  O.T. and t h e  proposed t r a j e c t o r y  
when only t h e  t e rmina l  j e r k  t a r g e t  i s  changed. 

Parameter 

TABLE I 

Current  
O.T. 

Ta rge t s  

T * a t  V i s i b i l i t y  phase s t a r t  
T a t  h = 5 0 0  f t  
AV a t  h = 500 f t  
AV a t  h = 1 5 0  f t  
V e r t i c a l  v e l o c i t y  a t  h = 500 f t  
Forward v e l o c i t y  a t  range = 2000  f t  
T i m e  lookangle  > 35' 

(10' above bottom of  window) 
C r o s s  range r edes igna t ion  c a p a b i l i t y  

a f t e r  2 5  sec i n t o  v i s i b i l i t y  
pnase (wi th  60  f p s  AV) 

go 
go 

1 7 0 . 9  

7 3  

6198** f p s  
6 5 2 4 * *  f p s  

1 6  f p s  
70 f p s  

117 sec 

3300 f e e t  

Proposed 
T r a j e c t o r y  : 
jdZ = .0275 

150 sec 
53 sec 

6145** f p s  
6408** f p s  

18 f p s  
84 f p s  
95 sec 

3950 f e e t  

A 

- 2 0 . 9  
- 20.  

- 53 
-116 

+ 2  

+ 1 4  
- 2 2  

+650 

*T is time-to-go i n  t h e  v i s i b i l i t y  phase.  When T = 1 0 ,  
go 40 

lo -ga te  i s  achieved,  and landing  phase guidance ( v e l o c i t y  n u l l i n g )  
i s  s t a r t e d .  

**Recent s l i g h t  changes t o  t h e  Descent Propuls ion  System 
t h r u s t  and Isp values  cause s l i g h t  d i f f e r e n c e s  i n  t h e  AV's shown 

h e r e  and those  appearing i n  t h e  O.T. (69-FM-98). Both t h e  t a r g e t s  
f o r  t h e  O.T. and t h e  proposed t r a j e c t o r y  were run us ing  t h e  same 
t h r u s t  and Isp va lues ,  s o  comparisons on t h e  above c h a r t  are v a l i d .  
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Table I i n d i c a t e s  t h a t  t h e  proposed t r a j e c t o r y  
f l i e s  a faster,  more e f f i c i e n t  t r a j e c t o r y .  The 2 fp s  i n c r e a s e  
i n  v e r t i c a l  ra te  a t  500  f t  should cause  l i t t l e  a s t r o n a u t  
concern because o f  r e c e n t  improvements i n  R-O-D opera t ion .  
Savings i n  AV are a v a i l a b l e  f o r  a s t r o n a u t  c o n t r o l  anywhere 
a long  t h e  t r a j e c t o r y .  These sav ings  i n c r e a s e  the  longe r  t h e  
a s t r o n a u t  allows t h e  automatic d e s c e n t  t o  cont inue .  

Analys is  shows t h a t  t h e  proposed t r a j e c t o r y  has  
a m o r e  c o n s t a n t  g l i d e  pa th  (16') t han  does t h e  c u r r e n t  O.T. 
When flown over  l a r g e  craters or upward s l o p e s ,  less "droop" 
i n  t h e  g l i d e  pa th  i s  shown by t h e  proposed trajectory. When 
analyzed f r o m  a landing-radar  dropout  p o i n t  of view, t h e  pro- 
posed t r a j e c t o r y  main ta ins  lock throughout t h e  v i s i b i l i t y  
phase,  wh i l e  t h e  O.T. loses lock a t  an a l t i t u d e  of about  2 4 0  f t .  
Thrus t  and p i t c h  p r o f i l e s  a r e  only  s l i g h t l y  altered from t h e  O.T.  

Changing t h e  v i s i b i l i t y  phase t e rmina l  a l t i t u d e  
f r o m  t h e  O.T. va lue  of 1 5 0  f e e t  t o  a proposed va lue  of  L O O '  
f e e t  l eaves  t h e  above a n a l y s i s  and comparisons approximately 
the s a m e .  A t r a j e c t o r y  f l o w n  w i t h  j = .0275 f t /sec , and 
t h e  lower t a r g e t  a l t i t u d e  r e s u l t s  i n  a s l i g h t l y  inc reased  
v e r t i c a l  rate. A t  an a l t i t u d e  of 500 f e e t ,  t h a t  v e r t i c a l  ra te  
i s  1 9 . 7  ft/sec. T h e  lower hover a l t i t u d e  e l i m i n a t e s  16 .6  
seconds of v e r t i c a l  descent t i m e ,  r e s u l t i n g  i n  a AV sav ing  
of 88 ft/sec. The lower hover a l t i t u d e  ( 1 0 0  f t )  appears  t o  
be adequate  when 30 a l t i t u d e  d i s p e r s i o n s ,  d i s t a n c e  of l and ing  
r a d a r  t o  landing  probes ,  and a s u f f i c i e n t  s a f e t y  margin are 
added. 

3 
dz 

CONCLUSIONS 

The improvements i n  t h e  LM descen t  t r a j e c t o r y  sugges ted  
i n  t h i s  a n a l y s i s  are obtained by s l i g h t  changes i n  t h e  v i s i -  
b i l i t y  phase. These changes r e s u l t  i n  a more f u e l  e f f i c i e n t  
au tomat ic  descen t ,  p rovid ing  inc reased  f u e l  margins f o r  p o s s i b l e  
manual maneuvers. 

The proposed t r a j e c t o r y  has  s l i g h t l y  less v i s i b i l i t y  
t i m e ,  b u t  better r edes igna t ion  c a p a b i l i t y .  I t  has  a h i g h e r  
v e r t i c a l  ra te  a t  5 0 0  fee t ,  bu t  less "droop" approaching 
hover  a l t i t u d e .  I t  has  s l i g h t l y  h ighe r  forward v e l o c i t y  on 
f i n a l  approach, b u t  s l i g h t l y  improved avoidance of loss of 
l and ing  r a d a r  lock. 
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A AV saving of 204 ft/sec (116 fps from jdZ change, 
88 fps from hover altitude change) is attractive both for 
G-type and subsequent missions. On H-type missions, such 
changes are particularly advantageous since pinpoint landings 
will require additional propellant margins for landing site 
redesignation and manual maneuvering. 

G. L. Bush 

T/J* * 
T. B. Hoekstra 

GLB 
2014-TBH-ksc 

FL 
F. LaPiana 

Attachment 
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